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TI TLE 

INK COMPOSITIONS HAVING IMPROVED LATENCY 

BACKGROUND OF TU C ^p^p^ 
!• Field of the Invention 

The present invention is directed to ink compositions and, more particularly, 
to aqueous ink compositions suitable for imaging applications, such as ink jet printing 
processes. 

2 - Discussion of the Relat^ Ar| 

Ink jet printing is a non-impact process wherein droplets of ink are produced 
and deposited on a substrate such as paper, transparent film, or textile material in 
response to an electronic signal. Jnk jet printing systems are typically classified 
by two known types: continuous stream or drop-on-demand. 

Ink compositions which are useful in imaging applications, such as ink jet ink 
printing systems, are well known and generally contain water soluble dyes. Also 
known is the addition of suitable cosolvents systems such as glycols and other 
humectants to such dye based ink compositions in order to improve the latency and 
recoverability in printers utilizing such compositions. See, for example, U.S. Patent 
No. 5,389,133 to Gundlach et al., U.S. Patent No. 5,286,289 to Winnik et al., U.S. 
Patent No. 5,271,764 to Winnik et al., U.S. Patent No. 4,840,674 to Schwartz, the 
specifications of which are incorporated herein in its entirety by reference. 

Although dye-based inks are suitable for their intended purposes, dyes have 
several disadvantages when used in ink jet inks. For example, dyes, being water- 



WO 97/47697 



PCT/US97/08049 



-2 - 



soluble in a water/organic mixture, may dissolve and run when exposed to moisture 
or water. Dye images may further smear or rub off on contact with felt pen markers 
or upon being rubbed or touched by finger. Dyes also exhibit poor light stability 
when expose to visible or ultraviolet light. 

Pigments are also known as. colorants in ink compositions but have not 
received a wide degree of acceptance in ink jet ink systems, for example, because of 
problems associated with the performance and reliability of the composition, i.e., 
print properties, stability, latency, and the like. 

As a result, although known compositions are suitable for their intended 
purpose, a need remains for improved ink compositions, especially for use in the ink 
jet printers, which overcome the problems typically associated with current dye-based 
and pigment system. In addition, there is a need for improved ink compositions 
which exhibit improved latency and recoverability in their respective printing systems 
while providing good print properties. 

fMfMHADY T tt F INVENTION 

The present invention is directed to ink compositions comprising an ionically 
charged pigment and a hydroxylated hydrocarbon humectant having at least two 
hydroxyl groups. The ionically charged pigment includes, but is not limited to, 
black, blue, brown, cyan, green, violet, magenta, red, orange, yellow, as well as 
mixtures thereof. The hydroxylated hydrocarbon humectant is selected from the 
group consisting of glycols, glycerol, polyols, and derivatives and mixtures thereof. 

Also disclosed is a method for generating printed images which include 
incorporating into a printing apparatus the ink compositions described above and 
generating an image onto a substrate. 
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DETAILED DESCRIPTION n F THE INJVFMT^ m 

The present invention is directed to ink compositions comprising an ionicaily 
charged pigment and a hydroxylated hydrocarbon humectant having at least two 

hydroxyl groups. 

The ionicaily charged pigment includes, but is not limited to, black, blue, 
brown, cyan, green, violet, magenta, red, orange, yellow, mixtures thereof, and the 
like. By ionicaily charged is meant that the pigment, due to' the nature of its surface 
groups, is readily-dispersing in the liquid vehicle of the ink composition without the 
addition of a surfactant or other dispersing aid or additive. Preferably, the ionicaily 
charged pigment further has sufficient ionizable groups which will enable the ink 
compositions to further maintain its colloidal stability without the addition of a 
surfactant or stabilizing aid. As a result, the ionicaily charged pigment of the present 
invention will readily disperse, and remains dispersed, in the liquid vehicle of the ink 
composition under low shear stirring or mixing conditions. 

Examples of suitable black pigments include carbon blacks, such as channel 
black, furnace black, lamp black and the like. Examples of suitable classes of 
colored pigments include anthraquionones, monoazos, disazos, phthalocyanine blues, 
phthalocyanine greens, pyranthrones, perylenes, heterocyclic yellows, quinacridones 
and indigoids. 

In a preferred embodiment, the ionicaily charged pigment has an attached 
organic group. A preferred set of organic groups which may be attached are organic 
groups substituted with an ionic or an ionizable group as a functional group. An 
ionizable group is one capable of forming an ionic group in the medium of use. The 
ionic group may be an anionic group or a cationic group and the ionizable group may 
form an anion or cation. 
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Ionizable functional groups forming anions include, for example, acidic groups 
or salts of acidic groups. The organic groups, therefore, include groups derived from 
organic acids. Preferably, when an organic group contains an ionizable group 
forming an anion, such an organic group has a) an aromatic group and b) at least one 

5 acidic group having a pK. of less than 11, or at least one salt of an acidic group 
having a pK, of less than 11, or a mixture of at least one acidic group having a pK, 
of less than 1 1 and at least one salt of an acidic group having a pK, of less than 11. 
The pK, of the acidic group, refers to the pK, of the organic group as a whole, not 
just the acidic substituent. More preferably, the pK, is less than 10 and most 

10 preferably less than 9. Preferably, the aromatic group of the organic group is directly 
attached to the carbon black. The aromatic group may be further substituted or 
unsubstituted, for example, with alkyl groups. More preferably, the organic group 
is a phenyl or a naphthyl group and the acidic group is a sulfonic acid group, a 
sulfinic acid group, a phosphonic acid group, or a carboxylic acid group. Most 

15 preferably, the organic group is a substituted or unsubstituted sulfophenyl group or 
a salt thereof; a substituted or unsubstituted carboxyphenyl; a substituted or 
unsubstituted (polysulfo)phenyl group or a salt thereof; a substituted or unsubstituted 
sulfonaphthyl group or a salt thereof; or a substituted or unsubstituted 
(polysulfo)naphthyl group or a salt thereof. Such groups include, for example, 

20 C 6 H 4 S(VM*, C 6 H«C0 2 M + , wherein M + is Na*, K + , or Li + . 

Amines represent examples of ionizable functional groups that form cationic 
groups. For example, amines may be protonated to form ammonium groups in acidic 
media. Preferably, an organic group having an amine substituent has a pK b of less 
than 5. Quaternary ammonium groups and quaternary phosphonium groups also 
25 represent examples, of cationic groups. Preferably, the organic group contains an 
aromatic group such as a phenyl or a naphthyl group and a quaternary ammonium or 
a quaternary phosphonium group. The aromatic group is preferably directiy attached 
to the carbon black. Quaternized cyclic amines, and even quaternized aromatic 
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amines, can also be used as the organic group. Thus, N-substituted pyridinium 
compounds, such as N-methyl-pyridyl, can be used in this regard. 

Examples of organic groups include, but are not limited to, C 6 H<N(CH ) + X' 
C 6 H,COCH 2 N(CH 3 ) 3 + X-, C 6 H 4 (NC 3 H,) *X", (C S H 4 N)C 2 H 5 V 
C 6 H 4 COCH 2 (NC 5 H 3 ) + X-, (C 3 H 4 N)CIVX-, and C 6 H 4 CH 2 N(CH 3 ) 3 +X-, wherein X" is 
a monovalent ion. 

The ionically charged pigment of the present invention is prepared by the 
method described in U.S. Patent Application Serial No. 08/356,653 to Belmont 
entitled, "Reaction of Carbon Materials with Diazonium Salts and Resultant Carbon 
Products," filed December 15, 1994; U.S. Patent Application No. 08/356,660, to 
Belmont entitled, "Reaction of Carbon Black with Diazonium Salts, Resultant Carbon 
Black Products and Their Uses," filed December 15, 1994; and U.S. Patent 
Application No. 08/527,525 to Belmont entitled, "Reaction of Carbon Black with 
Diazonium Salts, Resultant Carbon Black Products and Their Uses," filed December 
14, 1995, the disclosures of which are fully incorporated herein by reference. 
Although such methods are primarily directed to carbon materials and carbon black, 
such described methods are useful to prepare the ionically charged pigment of the 
present invention, whether it be a black or colored pigment. It is also recognized by 
those skilled in the art that other methods of preparation which would yield the 
required ionic stabilization are also suitable. 

The ionically charged pigment of the present invention is present in the ink 
compositions in an amount effective to provide the desired image quality, e.g. , optical 
density, without detrimentally affecting the performance of the ink. Typically, the 
ionically charged pigment will be present in an amount ranging from about 1% to 
about 20%, preferably from about 2% to about 10%, based on the weight of the ink 
composition. In addition, if the ionically charged pigment is a modified pigment 
having at least one attached organic group, the pigment should be treated with the 
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desired modifying agent in an amount sufficient to provide the desired utility in the 
end product application while maintaining the colloidal stability of the pigment in the 
ink composition. 

The ionically charged pigment is typically as small as possible to enable a 
5 stable colloidal suspension of the pigment in the liquid vehicle and to prevent clogging 
of the ink channels and nozzles when used in the desired printing application. For 
example, a preferred average aggregate diameter of the ionically charged pigment for 
use in a thermal ink jet printer are generally below 1.0 micron, preferably in a range 
from about 0.005 micron to about 0.3 micron. 

10 The humectant of the present invention is characterized as a hydroxylated 

hydrocarbon having at least two hydroxyl groups. The humectant should have a 
sufficient degree of miscibility and solubility in the liquid vehicle of the ink 
composition to provide improved latency of the ink composition while maintaining the 
colloidal stability of the system. Examples of suitable humectants include glycols and 

15 derivatives thereof, such as ethylene glycol, butylene glycol, propylene glycol, 
diethylene glycol, dipropylene glycol, pentamethylene glycol, polyethylene glycol, 
polypropylene glycol, trimethylene glycol; glycerol and derivatives thereof; polyols 
and derivatives thereof, such as butanetriol, trishydroxymethylethane, mesoerythritol, 
and xylitol; as well as mixtures thereof. 

20 The humectant of the present invention is present in an amount effective to 

improve the latency of the ink composition in a printing apparatus without 
detrimentally effecting the other properties of the ink composition, e.g. viscosity, 
conductivity, drop size, pH, optical density, surface tension and the like. Generally, 
depending on the particular humectant used, the amount of the humectant in the ink 

25 compositions is equal to or greater than about 15%, by weight, and preferably equal 
to or greater than 20%, by weight, because such systems were found to possess good 
latency, stability and physical properties. 
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Although the use of humectants are known in the prior art, it has been found 
that many such humectants, e.g. alcohols and ethers, are not suitable with the 
ionically charged pigment of the present invention due to insufficient latency and 
colloidal instability. In addition, the humectants of the prior art are effectively used 
at levels considerably lower than that disclosed herein. It has therefore been 
recognized that ionically charged pigment systems will behave differently than 
existing dyes and nonionically charged pigment (i.e. pigment systems requiring the 
addition of a surfactant or polymer for dispensability). In order to achieve a useful 
ink system with desired properties, a unique interrelationship has been found to exist 
between the ionically charged pigment itself, the type of humectant, and the amount 
of humectant in a particular ink composition. 

The ink compositions of the present invention experience improved latency and 
recoverability when used in printing systems. Latency is the period during which the 
printer may stop printing while it contains the ink and subsequently be restarted 
without clogging of the printer nozzle. Stated differently, latency is the period of 
time during which the printhead can remain idle before deterioration of the inks' 
jetting performance occurs. As a result, the latency should be as high, i.e. long, as 
possible to enable restarting of the printer after extended idle periods. 

The ink compositions of the present inventions may. be prepared utilizing 
conventional techniques known to those skilled in the art, such as combining or 
mixing the desired component in a suitable liquid vehicle or medium. Typically, the 
ink compositions are aqueous systems and, as such, include a significant amount of 
water, preferably deionized or distilled water, or water and a water miscible or water 
soluble solvent. For example, the amount of water or similar medium is generally 
present in an amount ranging from about 55% to about 80%. preferably from about 
65% to 75%, based on the weight of the ink composition. 
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The ink compositions of the present invention may be buffered to the desired 
pH by the addition of a suitable base, such as sodium hydroxide, ammonium 
hydroxide, triethylamine, dimethylethanolamine and the like, or a suitable acid, such 
as mineral acids, hydrochloric acid, sulfuric acid and the like. In addition, a polymer 
which is soluble in the ink composition may be added to improve the waterfastness 
of the images generated from the ink compositions. By "soluble" is meant that the 
polymer will dissolve in the ink vehicle to form a one phase system. These polymers 
include, for example, polyvinyl alcohol, polyester, polyestermelamine, styrene-acrylic 
acid copolymers, styrene-maleic acid copolymers, styrene-maleic acid-alkyl acrylate 
copolymers, styrene-metacrylic acid copolymers, styrene-metacrylic acid-alkyl 
acrylate copolymers, styrene-maleic half ester copolymers, vinyl napthalene-acrylic 
acid copolymers, vinyl napthalene-maJeic acid copolymers and salts thereof. 
Additional polymers include polyvinylimidazole, derivatives of polyvinylimidazole. 
copolymers of vinylimidazole, copolymers of vinyl imidazole derivatives, 
polyvinylpyridine, derivatives of polyvinylpyridine, copolymers of vinylpyridine, 
copolymers of vinylpyridine derivatives, polyethyleneimine, derivatives of 
polyethyleneime, and mixtures thereof, as described in U. S. Patent Application Serial 
No. 08/628,202 to Bates et al., entitled "Ink Compositions and Method of Generating 
Images Produced Therefrom,- the disclosure of which is fully incorporated herein by 
reference. 

Suitable additives are also generally incorporated into the ink compositions to 
impart a number of desired properties while maintaining the stability of the 
compositions. For example, a surfactant or suitable polymer may be used to enhance 
the colloidal stability of the ionically charged pigment in the ink composition. Other 
additives are well known in the an and include biocides, binders, drying accelerators, 
penetrants and the like. The amount of a particular additive will vary depending on 
a variety of factors but are generally present in an amount ranging between 0% and 
10%, preferably between 0.1% and 5%, although the amount may be outside this 
range. 



WO 97/47697 



PCT/US97/08049 



- 9- 



Printed images may be generated from the ink compositions of the present 
invention by incorporating such compositions into a suitable printing apparatus and 
generating an image onto a substrate. Suitable ink jet printers include, for example, 
thermal printers, piezoelectric printers, continuous printers, valve printers and the 
like. Similarly, any suitable substrate can be employed including plain papers 
bonded papers, coated papers, transparency materials, textile materials, plastics,' 
polymeric films, inorganic substrates and the like. 

Non-limiting illustrations of the present invention follow. 

EXAMPLE 1 

A modified carbon black having C^SCyNa* surface groups was prepared 
by charging a continuous pin mixer with 100 parts per hour of a carbon black having 
a BET surface area of 200 mVg (BET surface area determined according to ASTM 
D-4820) and DBPA of 122 mL/100 g (DBPA sturcture data detemined according to 
ASTM D-2414), 12.5 parts per hour of sulfanilic acid and 5.2 parts per hour of 
sodium nitrite as an aqueous solution. The resultant material was a mixture of an 
ionically charged modified carbon black and water containing 60% solids. The 
modified carbon black product was diluted with water and filtered before use. 

Ink compositions were prepared by mixing a 20%, by weight, dispersion of 
the ionically charged modified carbon black having C 6 H 4 SCyNa + surface groups with 
varying concentrations of glycerol (available from Aldrich Chemical Co.. Milwaukee, 
WI) and the remainder distilled water. The resultant inks contained 5%, by weight 
of the ionically charged modified carbon black. Other relevant ink properties of the 
resulting inks are illustrated in Table I. 
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Table I 



Sample 


% 

glycerol 
in ink 


Viscosity* (cps) 


Surface Tensionf 
(dynes/cm) 


pH 


1 


0 


1.7 


74.5 


7.8 


2 


10 


2.0 


74.0 


7.1 


3 


20 


2.4 


74.0 


7.0 


4 


30 


3.2 


73.0 


7.0 


5 


40 


4.2 


72.0 


7.2 


6 


50 


6.2 


72.0 


7.1 



*Viscosity was measured using a No. 1 and No. 2 shell cup from Norcross 
10 Corporation, Newton, Massachusetts 

tSurfiace tension was measured using a CSC DU NOUY Tensiomenter, No. 70535 
from CSC Scientific Co., Inc. Fairfax, Virginia using ASTM D-1331 and D-1590 
procedures. 

The ink compositions were placed in Hewlett Packard 51626A cartridges 
15 (which had been previously emptied and cleaned) and tested for latency using a 
Hewlett-Packard DeskJet® 540 ink jet printer. The cartridges were removed from the 
printer and placed uncapped in an upside down position for a time period of 24 hours, 
72 hours and 128 hours. After each time period, the cartridges were placed back in 
the printer and test patterns were generated. Latency is a measure of the amount of 
20 time for which a flow of ink through a nozzle can be stopped and later re-started 
without clogging. In this example, the latency of the inks was measured as a function 
of: 1) the percentage of firing nozzles after printing one test pattern; and 2) the 
number of pages required to yield a 100% firing. After the initial test pattern, a 
printer nozzle check, as described in the manufacturer's literature, was printed to 
25 determine the percentage of firing nozzles. Five additional test patterns were then 
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printed and the point at which all nozzles began to fire was recorded. Excellent 
latency values would be 100% of the nozzles firing immediately ie 
recoverability=0 pages. Utency results of the ink compositions are illustrated in 
Table II. 

Table II 



Sample 


24 Houi 


r Latency 


72 Hour Latency 


168 Hour Latency 




% firing 
nozzles 


Recover- 
ability** 
(pages) 


% firing 
nozzles 


Recover- 
abilhy** 
(pages) 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


I 


0 


None 


. no further testing 




2 


0 


None 


• no further testing 


3 


50 


None 


no further testing 


4 


100 


0 


100 


0 


100 


0 


5 


100 


0 


100 


0 


100 


0 


6 


100 


0 


100 


0 


100 


0 



"Recoverability = pages required to yield 100% nozzle firing 

2Sf.r B ^ reCOVCTy ' i 0022,6 remained **** after 6 P a g<* were printed 
Partial Recovery = some clogged nozzles recovered, but not all 

U pages - all nozzles fired immediately. 

As shown in Table II, the ink compositions of samples 3 through 6 containing 
greater than 20% humectant and, in particular, equal or greater than 30% humectant 
demonstrated enhanced latency. Samples 4 through 6 showed 100% nozzle firing on 
0 pages. 

EXAMPLE l 



Ink compositions were prepared by repeating the procedure of Example 1, 
except that varying concentrations of ethylene glycol (available from Aldrich 
Chemical Co., Milwaukee, WI). The resultant inks similarly contained 5%, by 
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weight, of the modified carbon black. Other relevant ink properties of the resulting 
inks are illustrated in Table III. 



Table III 



Sample 


% ethylene 
glycol in 
ink 


Viscosity (cps) 


Surface Tension 
(dynes/cm) 


pH 


1 


0 


1.7 


74.5 


7.8 


2 


10 


2.2 


72.0 


7.3 


3 


20 


2.5 


68.0 


7.3 


4 


30 


2.9 


64.5 


7.2 



The ink compositions were placed in Hewlett Packard 51626A cartridges and 
10 tested for latency utilizing the procedure described in Example 1. Latency results of 
the ink compositions are illustrated in Table IV. 



Table IV 



Sample 


24 Hour Latency 


72 Hour Latency 


168 Hour Latency 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


% firing 
nozzles 


Recover- 

ability* 

(pages) 


% firing 
nozzles 


Recover- 

ability* 

(pages) 


1 


0 


None 


no further testing 


2 


0 


None 


no further testing 


3 


81 


1.25 


98 


1.25 


4 


None 


4 


100 


0 


100 


0 


100 


0 



**Recoverability = pages required to yield 100% nozzle firing. 

None = no recovery, i.e. the nozzle remained clogged after 6 pages were printed. 
20 Partial Recovery = some clogged nozzles recovered, but not all. 

0 pages - all nozzles fired immediately. 
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As illustrated in Table IV, the ink compositions of samples 3 and 4 containing 
equal or greater than 20% of ethylene glycol demonstrated an improvement in latency 
when compared to ink compositions containing less than 20% ethylene glycol or no 
humectant. 

EXAMPLE 3 

Ink compositions were prepared by repeating the procedure of Example 1. 
except that various humectants (available from Aldrich Chemical Co., Milwaukee. 
WI) in accordance with the present invention was substituted for the glycerol. The 
resultant inks similarly contained 5%, by weight, of the modified carbon black. 
Other relevant ink properties of the resulting inks are illustrated in Table V. 

Table V 



| Sample 


% 

humectant 


humectant 


Viscosity 
(cps) 


Surface 
Tension 
(dynes/cm) 


pH 


1 


0 


NA 


1.7 


74.5 


7.8 


2 


30 


1,3 propanediol 


3.9 


54.0 


7.0 


3 


25 


1,4 butanediol 


3.7 


58.5 


6.9 


4 


20 


1,5 petanediol 


3.0 


54.0 


6.9 


5 


30 


1,2,4 butanetriol 


3.6 


67.0 


6.0 


6 


30 


l.l,ltris(hydroxy- 
methyl) ethane 


4.1 


65.0 


7.5 


7 


20 


mesoerythritol 


2.4 


75.5 


7.2 


8 


30 


xylitol 


3.2 


77.0 


7.1 
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The concentration of the humectant in the ink compositions of Table V were 
chosen based on the compatibility with the pigment dispersion of the modified carbon 
black. Compatibility was determined by mixing the pigment dispersion in varying 
concentrations of humectant. The resulting dispersion was evaluated using a light 
5 microscope at 400X magnification and compared to a neat pigment dispersion (i.e. 
no humectant). The ink compositions of samples 2-8 in Table V all exhibited a high 
level of compatibility. 

The ink compositions were placed in Hewlett Packard 5 1626 A cartridges and 
tested for latency after a 72 hour period utilizing the procedure described in Example 
10 1. Latency results of the ink compositions are illustrated in Table VI. 



Table VI 





Sample 


72 Hour Latency 






% firing nozzles 


Recoverability** 
(pages) 




1 


0 


None 


15 


2 


100 


0 




3 


100 


0 




4 


100 


0 




5 


100 


0 




6 


98 


5 


20 


7 


31 


5 




8 


98 


None 



♦♦Recoverability = pages required to yield 100% nozzle firing. 

None = no recovery, i.e. the nozzle remained clogged after 6 pages were 
printed. 

25 Partial Recovery = some clogged nozzles recovered, but not all. 

0 pages - all nozzles fired immediately. 
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All nozzles of the printhead containing the ink compositions of samples 2 
through 5 ail fired immediately and required zero (0) pages to recover. Although all 
the nozzles containing the ink composition of samples 6 and 7 did not fire 
immediately on page one, all nozzles recovered fully after five pages. Although one 
of the nozzles of the printhead did not recover after 6 pages, most of the nozzles 
containing the ink composition of sample 8 fired immediately. Table IV therefore 
illustrates that the ink compositions containing the varying humectants at 
concentrations equal or greater than 20% demonstrated an improvement in latency 
when compared to ink compositions lacking the humectant. 



EXAMPLE A, 

Ink compositions were prepared by repeating the procedure of Example 1, 
except that a mixture of ethylene glycol and glycerol (both available from Aldrich 
Chemical Co., Milwaukee, WI) was substituted for glycerol. The resultant inks 
similarly contained 5%, by weight, of the modified carbon black. Other relevant ink 
properties of the resulting inks are illustrated in Table VII. 



Table VII 



Sample 


% humectant 


Viscosity 
(cps) 


Surface 
Tension 
(dynes/cm) 


PH | 


1 


0 


1.7 


74.5 


7.8 1 


2 


15% ethylene glycol 
& 15% glycerol 
mixture 


3.0 


68.0 


7.2 1 
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The ink compositions were placed in Hewlett Packard 51626A cartridges and 
tested for latency after a 72 hour period utilizing the procedure described in Example 
1. Latency results of the ink compositions are illustrated in Table VIII. 



Table VIII 



Sample 


72 Hour Latency 


% firing nozzles 


Recoverability** 
(pages) 


1 


0 


None 


2 


100 


0 



♦♦Recoverability = pages required to yield 100% nozzle firing. 

None = no recovery, i.e. the nozzle remained clogged after 6 pages were 
printed. 

Partial Recovery » some clogged nozzles recovered, but not all. 
0 pages - all nozzles fired immediately. 

As illustrated in Table VIII, the ink composition containing the ethylene glycol 
/ glycerol mixture demonstrated an improvement in latency when compared to ink 
compositions lacking the humectant. As a result, it is expected that various mixtures 
of the humectant of the present invention would also be suitable as described herein. 

EXAMPLE 5 

Ink compositions were prepared by repeating the procedure of Example 1, 
except that varying levels of the modified carbon black was used with 30% glycerol 
(available from Aldrich Chemical Co., Milwaukee, WI). The relevant ink properties 
of the resulting inks are illustrated in Table IX. 
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Table IX 



Sample 


% carbon black 


Viscosity 
(cps) 


Surface 
Tension 
(dynes/cm) 


PH 


1 


1 


2.7 


70.0 


7.2 


2 


5 


3.2 


73.0 


7.0 


3 


7 


3.3 


70.0 


7.3 


4 


10 


4.5 


70.0 


7.3 



The ink compositions were placed in Hewlett Packard 51626A cartridges and 
isted for latency after a 72 hour period utilizing the procedure described in Example 
. Latency results of the ink compositions are illustrated in Table X. 



Table X 



Sample 


72 Hour Latency 




% firing nozzles 


Recoverability** 
(pages) 


1 


100 


0 


2 


100 


0 


3 


100 


0 


4 


100 


0 



"Recoverability - pages required to yield 100% nozzle firing. 

None » no recovery, i.e. the nozzle remained clogged after 6 razes 
printed. 

Partial Recovery = some clogged nozzles recovered, but not all. 
0 pages - all nozzles fired immediately. 
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As illustrated in Table X, the ink composition of the present invention may be 
used with various levels of the ionically charged pigment while maintaining an 
improvement in latency. 

EXAMPLE 6 

Ink compositions were prepared by repeating the procedure of Example 1, 
except that various bases were also added to the compositions to adjust the pH of the 
ink compositions to approximately 8.5. The relevant ink properties of the resulting 
inks are illustrated in Table XL 



Table XI 



Sample 


type of base 


% 

glycerol 


Viscosity 
(cps) 


Surface 
Tension 
(dynes/cm) 


pH 


1 


sodium hydroxide 


30 


3.0 


70.0 


8.5 


2 


ammonium 
hydroxide 


30 


3.2 


73.0 


8.5 


3 


trietbylamine 


30 


3.2 


70.0 


8.5 


4 


dimethylethanol- 
amine 


30 


3.2 


70.0 


8.7 



The ink compositions were placed in Hewlett Packard 51626A cartridges and 
tested for latency after a 72 hour period utilizing the procedure described in Example 
L Latency results of the ink compositions are illustrated in Table XII. 
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Table XII 



Sample 


72 Hour Latency 




% firing nozzles 


Recoverability** 
(pages) 


i 1 


100 


0 


1 2 


100 


0 


1 3 


100 


0 


1 4 


100 


0 



"Recoverability = pages required to yield 100% nozzle firing 

prin£d = n ° reC ° Very ' i D0ZZ,eS remained cl0 ^ after 6 pages were 

Partial Recovery = some clogged nozzles recovered, but not all 
0 pages - all nozzles fired immediately. 

The ink composition of Table XII all exhibited improved latency in accordance 
with the present invention. 



EXAMPLE 7 



A modified carbon black having C^NCH/CI" surface groups was prepared 
by adding 8.31 g of silver nitrate to a solution of .11.2 g of N-(4- 
aminophenyOpyridinium chloride in water. The mixture was stirred at 70°C-80°C 
for one hour and stored at room temperature overnight. The mixture was then heated 
at 70°C-80°C for an additional hour, cooled and filtered through a bed of 
diatomaceous earth. A portion of the resulting solution (53.5g) was added to 10 g 
of a carbon black having a CTAB surface area of 108 mVg (CTAB surface area 
determined according to ASTM D-3765) and DBPA of 116 mL/100 g (DBPA 
sturcture data detemined according to ASTM D-2414). Approximately 35 g of water 
and 0.7 g of concentrated HC1 was added to the dispersion. The resulting dispersion 
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was stirred at 90°C for 2 hours and dried in an oven at 125 °C to form an ionically 
charged modified carbon black having C 6 H 4 NC 3 H5 + Cr surface groups. 

Ink compositions were prepared by mixing a 20%, by weight, dispersion of 
the ionically charged modified carbon black having C 6 H 4 NC 3 H 5 + Cr surface groups 
5 with varying concentrations of glycerol (available from Aldrich Chemical Co., 
Milwaukee, WI) and the remainder distilled water. The resultant inks contained 5%, 
by weight, of the modified carbon black. Other relevant ink properties of the 
resulting inks are illustrated in Table XIII. 

Table XIII 



Sample 


% - 

glycerol 
in ink 


Viscosity (cps) 


Surface Tension 
(dynes/cm) 


pH 


1 


10 


2.1 


74.0 


3.0 


2 


20 


2.6 


74.0 


3.0 


3 


30 


3.2 


73.0 


2.9 



The ink compositions were placed in Hewlett Packard 51626A cartridges and 
IS tested for latency utilizing the procedure described in Example 1. Latency results of 
the ink compositions are illustrated in Table XIV. 



WO 97/47697 



PCT/US97/08049 



- 21 - 



Table XIV 



Sample 


24 Hour 


■ Latency 


72 Hour Latency 


168 Hour Latency 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


1 


50 


1.25 


88 


1.5 


71 


Partial 

Recovery | 


2 


100 


0.5 


94 


1.25 


19 


4 1 


3 


94 


1.25 


56 


2.0 


4 


3 | 



**Recoverability = pages required to yield 100% nozzle firing 

JE?.! «~ reC0Very- i e< * e D0ZZleS remained c, ogg«i after 6 pages were printed. 
Parual Recovery = some clogged nozzles recovered, but not all. 
0 pages - all nozzles fired immediately. 



10 



Table XIV illustrates that ink compositions containing equal or greater than 
20% glycerol demonstrated an improvement in latency when compared to ink 
compositions containing a lesser amount of humectant. For example, after a 168 hour 
latency period, all nozzles of the printhead recovered after 4 pages. 



EXAMPLE 8 



15 



Ink compositions were prepared by repeating the procedure of Example 7, 
except that varying concentrations of ethylene glycol (available from Aldrich 
Chemical Co., Milwaukee, WI) was used as the humectant. The resultant inks 
similarly contained 5%, by weight, of the modified carbon black. Other relevant ink 
properties of the resulting inks are illustrated in Table XV. 
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Table XV 



Sample 


% ethylene 
glycol 
in ink 


Viscosity (cps) 


Surface Tension 
(dynes/cm) 


PH 


1 


10 


2.0 


71.0 


3.1 


2 


20 


2.5 


67.0 


3.0 


3 


30 


3.0 


65.0 


3.9 



The ink compositions were placed in Hewlett Packard 51626A cartridges and 
tested for latency utilizing the procedure described in Example 1. Latency results of 
the ink compositions are illustrated in Table XVI. 



Table XVI 



Sample 


24 Hour Latency 


72 Hour Latency 


168 Hour Latency 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


% firing 
nozzles 


Recover- 
ability** 
(pages) 


1 


75 


Partial 
Recovery 


0 


None 


Not further tested 


2 


90 


2 


92 


3 


0 


None 


3 


80 


3 


60 


Partial 
Recovery 


12 


None 



**Recoverability = pages required to yield 100% nozzle firing. 
15 None = no recovery, i.e. the nozzles remained clogged after 6 pages were printed. 

Partial Recovery = some clogged nozzles recovered, but not all. 
0 pages - all nozzles fired immediately. 

As illustrated in Table XIV, ink compositions containing equal or greater than 
20% of ethylene glycol demonstrated an improvement in latency when compared to 
20 ink compositions containing less then 20%, especially after 74 hours. It is recognized 
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that although the ethylene glycol does show improvement in latency, glycerol may be 
a preferred humectant, as shown in Example 7, with an ionically charged modified 
carbon black having C 6 H 4 NCjH s + Cr surface groups. 

As described herein, the ink compositions of the present invention 
demonstrated characteristics which make them desirable for many printing systems, 
especially for ink jet ink systems. Particularly, the ink compositions have improved 
latency and are expected to exhibit, when formulated in actual ink systems, good 
physical properties such as, pH, viscosity, and surface tension. In addition, the ink 
compositions of the present invention are further expected to produce quality images 
having good waterfastness. 

It is further understood that the present invention is not limited to the 
particular embodiments shown and described herein, but that various changes and 
modifications may be made without departing from the scope and spirit of the 
invention. 

What is claimed is: 
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1. An ink composition, comprising a liquid vehicle and an ionically charged 
pigment and a hydroxylated hydrocarbon humectant having at least two hydroxy! 
groups, wherein said humectant is present in an amount sufficient to improve the 
latency of said ink composition in a printing apparatus. 

2. The ink composition of claim 1, wherein said ink composition is an aqueous 
ink composition. 

3. The ink composition of claim 1, wherein said ionically charged pigment is 
selected from the group consisting of: black, blue, brown, cyan, green, violet, 
magenta, red, orange, yellow and mixtures thereof. 

4. The ink composition of claim 1, wherein said ionically charged pigment has 
at least one attached organic group. 

5. The ink composition of claim 4, wherein said organic group of said pigment 
is selected from the group consisting of: C 6 H 4 S0 3 M + , C 6 H 4 C0 2 M + , 
C 6 H 4 N(CH 3 ) 3 + X\.C 6 H 4 COCH 2 N(CH 3 )3 + X-, and C 6 H 4 (NC 3 H 5 ) + X\ wherein M* is 
Na + , K*\ or Li + and X" is a monovalent anion. 

6. The ink composition of claim 1, wherein said ionically charged pigment is 
present in an amount between about 1% and about 20%, by weight, of said ink 
composition. 

7. The ink composition of claim 6, wherein said ionically charged pigment is 
present in an amount between about 2% and about 10% t by weight, of said ink 
composition. 
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8. The ink composition of claim 1, wherein said humectant is present in an 
amount equal or greater than 15%, by weight, of said ink composition. 



9 



The ink composition of claim 8, wherein said humectant is present in an 
amount equal or greater than 20%, by weight, of said ink composition. 



10. The ink 



composition of claim 9, wherein said humectant is present 



ranging between 20%, by weight, and 35% by weight, of said ink 



in an 



composition. 



11. The ink composition of claim 1, wherein said humectant is selected from the 
group consisting of: glycols, glycerol, polyols and derivatives and mixtures thereof. 

12. The ink composition of claim 11, wherein said glycol is a ethylene glycol 
butylene glycol, propylene glycol, diethylene glycol, dipropylene glycol' 
pentamethyleneglycol, polyethylene glycol, polypropylene glycol, trimethylene glycol 
and mixtures thereof. 

13. The ink composition of claim 11, wherein said polyol is a butanetriol 
trishydroxymethylethane, mesoerythritol, xylitol and mixtures thereof. 

14. The ink composition of claim 1, wherein said composition further comprises 
a polymer selected from the group consisting of: polyvinyl alcohol, polyester 
polyestermelamine, styrene-acrylic acid copolymers, styrene-maleic acid copolymers 
styrene-maleic acid-alkyl acrylate copolymers, styrene-metacrylic acid copolymers' 
styrene-metacrylic acid-alkyl acrylate copolymers, styrene-maleic half ester 
copolymers, vinyl napthalene-acrylic acid copolymers, vinyl napthalene-maleic acid 
copolymers and salts and mixtures thereof. 

15. The ink composition of claim 1, wherein said composition further comprises 
a polymer selected from the group consisting of: polyvinylimidazole, derivatives of 
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polyvinylimidazole, copolymers of vinylimidazole, copolymers of vinylimidazole 
derivatives, polyvinylpyridine, derivatives of polyvinylpyridine, copolymers of 
vinylpyridine, copolymers of vinylpyridine derivatives, polyethyleneimine, derivatives 
of polyethyleneime, and mixtures thereof. 

16. The ink composition of claim 1, wherein said ionically charged pigment is a 
carbon black having C 6 H 4 N(CH 3 ) 3 + C1* surface groups and said humectant is glycerol. 

17. The ink composition of claim 1, wherein said ionically charged pigment is a 
carbon black having C 6 H 4 S0 3 Na + surface groups and said humectant is glycerol. 

18. The ink composition of claim 1, wherein said ionically charged pigment is a 
carbon black having C 6 H 4 S0 3 "Na + surface groups and said humectant is ethylene 
glycol. 

19. The ink composition of claim 1, wherein said composition further comprises 
an additive selected from the group consisting of: binders, biocides, buffers, drying 
accelerators, humectants, penetrants, and surfactants. 

20. The ink composition of claim 1, wherein said ink composition is an ink jet 
ink. 

21. A method for generating printed images which comprises the steps of: 
incorporating into a printing apparatus the ink composition comprising an ionically 
charged pigment and a hydroxylated hydrocarbon humectant having at least two 
hydroxy 1 groups, wherein said humectant is present in an amount sufficient to 
improve the latency of said ink composition in a printing apparatus; and generating 
an image onto a substrate. 
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22. The method of claim 21, wherein said ink composition is an aqueous ink 
composition. 

23. The method of claim 21 . wherein said ionically charged pigment is selected 
from the group consisting of: black, blue, brown, cyan, green, violet, magenta, red, 
orange, yellow and mixtures thereof. 

24. The method of claim 21, wherein said ionically charged pigment has at least 
one attached organic group. 

25. The method of claim 24, wherein said organic group of said pigment is 
selected from the group consisting of: C 6 H 4 S0 3 M + , C 6 H 4 C0 2 M + , C 6 H 4 N(CH S ), + X, 
QH 4 COCH 2 N(CH 3 VX-, and QH^NQH^X-, wherein M + is Na + , K*, or Li* and 

X" is a monovalent anion. 

26. The method of claim 21, wherein said ionically charged pigment is present 
in an amount between about 1 % and about 20%, by weight, of said ink composition. 

27. The method of claim 26, wherein said ionically charged pigment is present in 
an amount between about 2% and about 10%, by weight, of said ink composition. 

28. The method of claim 2 1 , wherein said humectant is present in an amount equal 
greater than 15%, by weight, of said ink composition. 



or 



29. The method of claim 28, wherein said humectant is present in an amount equal 
or greater than 20%, by weight, of said ink composition. 

30. The method of claim 29, wherein said humectant is present in an ranging 
between 20%, by weight, and 35% by weight, of said ink composition. 
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31. The method of claim 21, wherein said humectant is selected from the group 
consisting of: glycols, glycerol, polyols and derivatives and mixtures thereof. 

32. The method of claim 31, wherein said glycol is a ethylene glycol, butylene 
glycol, propylene glycol, diethylene glycol, dipropylene glycol, pentamethylene 

5 glycol, polyethylene glycol, polypropylene glycol, trimethylene glycol and mixtures 
thereof. 

33. The method of claim 31, wherein said polyol is a butanetriol, 
trishydroxymethylethane, mesoerythritol, xylitol and mixtures thereof. 

34. The method of claim 21, wherein said composition further comprises a 
10 polymer selected from the group consisting of: polyvinyl alcohol, polyester, 

polyestermelamine, styrene-acrylic acid copolymers, styrene-maleic acid copolymers, 
styrene-maleic acid-alkyl acrylate copolymers, styrene-metacrylic acid copolymers, 
styrene-metacrylic acid-alkyl acrylate. copolymers, styrene-maleic half ester 
copolymers, vinyl napthalene-acrylic acid copolymers, vinyl napthalene-maleic acid 
15 copolymers and salts and mixtures thereof. 

35. The method of claim 21, wherein said composition further comprises a 
polymer selected from the group consisting of: polyvinylimidazole, derivatives of 
polyvinylimidazole, copolymers of vinylimidazole, copolymers of vinyl imidazole 
derivatives, polyvinylpyridine, derivatives of polyvinylpyridine, copolymers of 

20 vinylpyridine, copolymers of vinylpyridine derivatives, polyethyleneimine, derivatives 
of polyethyleneime, and mixtures thereof. 



36. The method of claim 21, wherein said ionically charged pigment is a carbon 
black having C 6 H 4 N(CH 3 ) 3 + C1* surface groups and said humectant is glycerol. 
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37. The method of claim 21, wherein said ionically charged pigment is a carbon 
black having C 6 H 4 S0 3 Na + CI- surface groups and said humectant is glycerol. 

38. The method of claim 21, wherein said ionically charged pigment is a carbon 
black having C 6 H 4 S0 3 Na+ surface groups and said humectant is ethylene glycol. 

39. The method of claim 21, wherein said composition further comprises an 
additive selected from the group consisting of: binders, biocides, buffers, drying 
accelerators, humectants, penetrants, and surfactants. 

40. The method of claim 21, wherein said ink composition is an ink jet ink. 
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